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stones up to 6 in. in size if many of the particles are angular. On the other hand, the same pipe carrying a mixture of sand, gravel, rounded stone, and some clay may earn* several times the above yardage before it has to be discarded.
The use of steel containing 0.75 per cent of manganese with about 0,6 per cent of carbon has been found to materially increase the life of the pipe.
At Winsor (Quabbin Dam) 20-in. pipe lined with rubber was used because of the abrasive nature of the material. Some of this rubber-lined pipe carried in excess of 2 million cu yd, but only a small percentage of the rubber lining was worn out.
35. Materials Suitable for Hydraulic Fill Dams. Xot all materials are suitable for use in the construction of a hydraulic fill dam. Fine materials which are very uniform in size should not be utilized for the construction of hydraulic fill dams. Such materials are apt to be deposited in the shell at a density less than that at critical void ratio. (See Art. 13, Chapter 16.) In this condition a uniform material would be subject to a flow slide. Also soils composed almost exclusively of very fine particles, as clays and silts, or silts and fine sands, cannot be used in making hydraulic fill dams as the particles will not settle and consolidate promptly enough.9
Accordingly, it is desirable that the materials in the shells of hydraulic fill dams should be nonuniform in character. The uniformity coefficient (see Art. 2, Chapter 16) is one index to the desirability of the material in the shells of a hydraulic fill dam. The higher the coefficient the more nonuniform the material. If the coefficient were unity all particles would be the same size. It is not by any means a complete index of desirability, but it is nevertheless a useful guide. The following are uniformity coefficients of typical shell material of the following dams:
Uniformity Coefficient Dam                           of Shell
Sardis, Mississippi                           4.5
Winsor, Quabbin, Mass.                  16.7
Kingsley, Nebraska                         5.4
Fort Peck, Montana                        3.0
Knightville, Massachusetts              8.2
Quabbin Dike, Massachusetts         15.0
Wichita Falls, Texas                        2.8
Garza, Texas                                  3.7
Germantown Dam, Ohio                16.6
Englewood, Ohio                            14.0
Glacial deposits frequently provide materials which are ideal for the construction of hydraulic fill dams. The materials ranging all the way from clay and rock flour sizes up to stones and boulders too large to be conveniently transported by hydraulic methods. Cobble Mountain and Winsor Dams in Alassa-
9 For the story of an unsuccessful attempt to build a hydraulic fill dam almost exclusively of very fine material, see JOEL D. JUSTIN, Earth Dam Projects, p. 7 (Alexander Dam), John Wiley & Sons, Inc., New York, 1932.